Global climate change is increasingly influencing the economic system. With the frequent occurrence of extreme weather events, the influences of climate change on the economic system are no longer limited to the agricultural sector, but extend to the industrial system. However, there is little research on the influences of climate change on industrial economic systems. Among the different sectors of the industrial economic system, the mining industry is more sensitive to the influences of climate change. Here, taking the mining industry as an example, we analyzed the influences of extreme precipitation on the mining industry using the trans-logarithm production function. In addition, the marginal output elasticity analysis method was employed to analyze the main factors influencing the mining industry. It was found that the mining investment in fixed assets, labor input, and technical progress could promote the development of the mining economy, while the extreme precipitation suppressed the growth of the mining industry. The increase in fixed asset investment and the technical progress could enhance the resistance of the mining industry to extreme precipitation, while there was no indication that labor input can reduce the influences of extreme precipitation.
Introduction
Since the concept of climate warming was proposed in 1979, the negative impacts of climate change on sustainable development of the economy have received considerable attention. The Intergovernmental Panel on Climate Change (IPCC) pointed out that climate change would affect the development of the social economy, reduce the productivity level, and slow down the economic growth, thus leading to the fluctuation of economic departments [1] . The influences of climate change on the economic system are mainly reflected in two aspects: Namely the influences of the mean value fluctuation of climate factors and the impacts of extreme weather events. Since extreme climate events are characterized by a strong abruptness, a high destructiveness, and an unpredictable occurrence, they significantly influence the economic system [2] .
Almost all industries will be affected by climate change, either directly or indirectly [3] . The Economic and Social Commission for Asia and the Pacific (ESCAP) has analyzed the panel data, including the output values of multiple industries and the climate factors in several Asian countries from 1972 to 2009, and found that the manufacturing industry, the service industry, and especially the agricultural industry, were influenced by air temperature and precipitation [4] . However, as a result of the industrial revolution and the development of science and technology, the proportion of the agricultural output to decrease from south to north and from east to west [20] . The annual rainfall of above 800 mm of China is mainly distributed in southern areas. Under the RX5day index, the precipitation of southern China averages from 100 to 150 mm. The precipitation of south-east coastal areas of China can reach up to 350 mm [21] . In addition, there are obvious seasonal differences in the precipitation of China. The precipitation increased significantly in summer. For example, in Xinjiang, the precipitation is mainly concentrated from May to September [22, 23] . For the extreme precipitation threshold of China, the threshold value of southern China in summer (Maximum daily precipitation) exceeds 35 mm while that of northern China exceeds 25 mm [21, 22] .
In the 21st century, along with the rapid development of China's economy, the mining industry of China has also entered a stage of rapid development. Since 2001, the GDP of China's mining industry has been increasing by nearly 10 times [24] . However, along with the economic growth, the ecological problems in the mining areas are also increasingly prominent. In particular, the ecological environment in mining areas is fragile, and mine geological disasters happen frequently, leading to various problems. For instance, Zhejiang province was hit by typhoon Saomei. The generated flooding lead to more than 13,700 industrial and mining enterprises to suspend productions. Heavy rain can trigger mudslides and cause serious damage to mine facilities [25] . So far, studies on the influences of extreme precipitation on China's mining industry are scarce. Against this background, we applied the trans-logarithm production function to investigate the influences of extreme precipitation on the mining industry output value.
Research Methods and Data Sources

Trans-Logarithm Production Function
The production function model reflects the relationship between the input and output of production activities; the mathematical expression proposed by Charles Cobb and Paul Dauglas [26] is as follows:
where Y represents the production value, A represents the technical progress, L represents the labor force, and K represents the capital investment. The production function model has many forms. Based on the differences in research objects and purposes, different functional forms are used. Referring to related research [3, 27] , we selected the trans-logarithm production function model and incorporated extreme precipitation as a variable into the trans-logarithm production function to evaluate its influences on the mining industry. The trans-logarithm production function is a flexible production function containing linear and quadratic terms, and two or more variables can be used as input. Structurally, the function belongs to the quadratic response surface; it has strong inclusivity and is easy to be estimated. Its mathematical expression is as follows:
where β represents the coefficient of labor force output and capital investment. In this study, we analyzed the influences of precipitation on the mining industry economy and therefore incorporated technical progress and precipitation factors into the trans-logarithm production function to construct the production function model. Its mathematical expression is as follows:
In the production function containing the extreme precipitation factor, Y represents the total output value of the mining industry, L represents the number of employees in the mining industry, Sustainability 2019, 11, 6719 4 of 15 K represents the investment in fixed assets in the mining industry, R represents the research and development funds of the mining industry, and P represents the precipitation intensity.
According to the above formula, we can obtain the marginal output elasticity of each variable as follows:
Ridge Regression Model
For the ridge regression model, its matrix form is as follows:
where X is an (n × p) non-singular matrix, and the unbiased estimatorβ of the parameter β can be expressed as follows:
Through the ordinary least square (OLS) method, theβ that can make the residual sum of the square minimum can be computed. If the computedβ has multi-collinearity, then X is a non-singular matrix, and the OLS is unstable and unreliable. As a result, the computation result of (X X) −1 will be inaccurate. On account of this, Hoerl proposed to add a regularization term kI into the loss function in 1970 [27] to solve the shortcomings of OLS:
Equation (10) is simply the formula of the ridge regression [28] , which is a biased estimation regression method that solves the inconformity of the regression coefficient with the actual situation caused by multicollinearity at the expense of sacrificing the unbiasedness and losing some information. In the ridge regression, the k value is the so-called "ridge regression parameter", and k ≥ 0. When k = 0, thenβ * =β, and the ridge regression is simply the OLS regression, soβ * =β is the unbiased estimation of β; when k 0,β * is the biased estimation of β. If we depict theβ * functions corresponding to the k values in the coordinate system, we can obtain the ridge trace curve, and the corresponding graph is the ridge trace graph.
Data Sources and Data Processing
In this study, with the establishment of the trans-logarithm production function, there are mainly two kinds of indicators, including social-economic data and extreme precipitation data. The social-economic indicators mainly include the GDP, capital, labor force, and technical progress. According to the research of Larsen [3] who evaluated the effects of climate change on the industry of US, the added value of the mining industry was utilized as the output index of mining industry economy; according to the research of Cheng [29] , the capital input index was represented by the whole society fixed assets investment in the mining industry. Since many researches utilized the total employees of the manufacturing to represent the labor input [30] , we utilized the employee of the mining industry as the labor input index. It is very difficult to find a suitable index to represent technological progress. In the previous research [31] , Research and Experimental Development Funds for the Whole Society (R&D funds) was usually adopted as the proxy index. We adopted this research idea. Based on the data integrity and availability published in the Chinese statistical yearbook, we chose the R&D funds for the mining industry to represent technological progress [31] . These data were obtained from the China Statistical Yearbook from 2001 to 2016 [24] . For extreme precipitation indicators, relevant international scholars developed many standard extreme precipitation indicators. For example, Zhang et al. used ETCCDMI indicators to analyze the extreme trend in the Middle East [32] . Based on the literature and the data availability, the selection of extreme precipitation indicators in this paper adopted the method from Zhang [33] . The daily precipitation data from 2001 to 2016 were acquired from the National Meteorological Information Center [34] .
The added value of the mining industry and the whole society fixed assets investment in the mining industry were converted into the constant prices, respectively, according to the industrial producer price index and the fixed assets price index based on the prices in 2001. For the precipitation intensity data, we selected the data of daily precipitation of more than 25 mm, mainly according to the grading of precipitation intensity issued by the China National Meteorological Administration (Table 1) [35] . We then screened the daily precipitation data of all weather stations from 2001 to 2016, eliminated the missing values and the precipitation data of less than 25 mm, and computed the average precipitation value of all stations for each year as the extreme precipitation indicator, which was added to the production function as one variable. 
Research Results
Changes in the Mining Industry Output Value and Extreme Precipitation in China
China is the world's largest energy producer and consumer, and the yields of various mineral resources such as coal, gold, and crude steel are the highest in the world [36] . However, affected by multiple factors such as national policies, resource competition, market demand, natural environment, and climate change, overall, China's mining industry develops slowly, and the fixed assets investment and the R&D investment related to the mining industry also present a declining trend ( Figure 1 ).
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Research results
Changes in the Mining Industry Output Value and Extreme Precipitation in China
China is the world's largest energy producer and consumer, and the yields of various mineral resources such as coal, gold, and crude steel are the highest in the world [36] . However, affected by multiple factors such as national policies, resource competition, market demand, natural environment, and climate change, overall, China's mining industry develops slowly, and the fixed assets investment and the R&D investment related to the mining industry also present a declining trend ( Figure 1 ). As shown in Figure 1 , the added value of China's mining industry presented a trend of increasing first and then decreasing, identical with the trends of the fixed assets investment or the As shown in Figure 1 , the added value of China's mining industry presented a trend of increasing first and then decreasing, identical with the trends of the fixed assets investment or the R&D investment in the mining industry. To better analyze the change trend of the extreme precipitation from 2001 to 2016, we divided the period into four stages: 2001-2004, 2005-2008, 2009-2012, and 2013-2016 . There are many scientific ways to study economic and precipitation trends. Considering the combination of economy and extreme precipitation [37] , this paper only carries out a brief descriptive analysis.
From 2001 to 2004, the annual growth rate of the added value of the mining industry was 147.39%, that of the whole society fixed assets investment in the mining industry was 243.73%, and that of the R&D funds was 149.76%. During this period, China's mining industry entered into a rapid development stage, and the extreme precipitation slightly increased along with fluctuation. From 2005 to 2008, the annual growth rates of the added value of the mining industry, the whole society fixed assets investment in the mining industry, and the R&D funds increased slowly, whereas the total amount of the added value of the mining industry increased continuously. During this period, extreme precipitation also slightly increased along with fluctuation. From 2009 to 2012, the annual growth rates of the added value of the mining industry, the whole society fixed assets investment in the mining industry, and the R&D funds decreased significantly, but the total scale extended continuously, and both input and output increased continuously. During this period, the economic benefit of the mining industry was the highest during the recent 16 years, and extreme precipitation fluctuated considerably. From 2013 to 2016, all indicators presented a trend of negative growth, and the annual growth rates of the added value of the mining industry, the whole society fixed assets investment in the mining industry, and the R&D funds were 21.81%, 28.19%, and 10.7%, respectively. The number of employees in the mining industry decreased year by year along with fluctuation, and the annual growth rate was negative; overall, precipitation intensity varied moderately with small fluctuations and presented a continuously increasing trend.
Solutions for the Trans-Logarithm Production Function Model
After OLS regression for the model, we found that the variance inflation factor (VIF) of the parameter estimators after regression was large, and that the variables had multicollinearity (by default, there is multicollinearity when the VIF is larger than five, and in some cases, the limitation of the VIF can also be extended to VIF < 10). If we continue to use the OLS for parameter estimation, the variance of the parameters may be larger. Hence, we used ridge regression to estimate parameters. We can draw the ridge trace graph according to the variation of the k values and then determine the optimal k values through the analysis of the change of the ridge trace graph. The selection of k values varied with the changes in the step size. Here, we set the k interval as [0.01,0.2], with a step length of 0.01. Thus, we can draw the ridge trace graph as shown in Figure 2 . R&D investment in the mining industry. To better analyze the change trend of the extreme precipitation from 2001 to 2016, we divided the period into four stages: 2001-2004, 2005-2008, 2009-2012, and 2013-2016 . There are many scientific ways to study economic and precipitation trends. Considering the combination of economy and extreme precipitation [37] , this paper only carries out a brief descriptive analysis.
After OLS regression for the model, we found that the variance inflation factor (VIF) of the parameter estimators after regression was large, and that the variables had multicollinearity (by default, there is multicollinearity when the VIF is larger than five, and in some cases, the limitation of the VIF can also be extended to VIF < 10). If we continue to use the OLS for parameter estimation, the variance of the parameters may be larger. Hence, we used ridge regression to estimate parameters. We can draw the ridge trace graph according to the variation of the k values and then determine the optimal k values through the analysis of the change of the ridge trace graph. The selection of k values varied with the changes in the step size. Here, we set the k interval as [0.01,0.2], with a step length of 0.01. Thus, we can draw the ridge trace graph as shown in Figure 2 . The selection of k values ensures that the parameters are reasonable and that the positive and negative signs of the regression coefficients are consistent with the actual changes. According to Figure 2 , the k value tends to be stable when it ranges between 0.04 and 0.05. According to the calculation results, when k takes the value of 0.04, the fitness of the model (R 2 ) is 0.99, indicating a good data fitting degree. Hence, we selected the k value as 0.04.
After ridge regression, the significance of each factor is considerably enhanced. From the perspective of the estimated parameters, the values of all parameters are in line with the actual situation ( Table 2) . Although the significances of some variables are not very high, ridge regression is mainly used to solve the problem of multicollinearity. Therefore, it is considered that the model passed the significance inspection. Note: Significance level '***' denotes 0, '**' denotes 0.001, '*' denotes 0.01, '.' denotes 0.05, and ' ' denotes 0.1.
From the perspective of the single factor coefficient, the quadratic term coefficient, and the factor crossover coefficient, the factor coefficient, the quadratic term coefficient, and the crossover coefficient of extreme precipitation and labor force are below zero, indicating that labor force and extreme precipitation both have negative effects on the added value of the mining industry; the coefficients of other factors are positive, indicating that their influences on the added value of the mining industry are positive.
The trans-logarithm production function involves the linear term estimated parameter, the quadratic term estimated parameter, and the factor crossover term estimated parameter, representing the influence on the increase or decrease of the output value of the mining industry, the influence on the increase or decrease of the marginal return of the output value of the mining industry, and the marginal yield between factors, respectively. From the perspective of the linear term estimated parameter, the parameter values of both labor force and extreme precipitation are negative, indicating that the capital investment and the technical progress are conducive to the increase of the output value of the mining industry, while the increase of labor force or extreme precipitation does not facilitate an increase in the output value. From the perspective of the quadratic term estimated parameter, the positive term represents the increasing marginal returns, and the negative one represents the decreasing marginal returns. The parameter values of capital investment and technical progress are positive, while those of labor force and extreme precipitation are negative. This indicates that with the increase in capital investment and technical progress, the output value of the mining industry will increase at an accelerated speed; namely, there will be an increasing marginal return; however, with the increase in labor force and extreme precipitation, the output value of the mining industry will increase at a decreasing speed, showing a decreasing marginal return.
From the perspective of the parameter value of the factor crossover term, the parameter value of capital investment is relative to that of labor force, while technical progress, or extreme precipitation is always positive, indicating that the capital investment and the other three factors have substitution effect. The parameter value of labor force relative to technical progress is positive and negatively correlated with extreme precipitation, indicating that the labor force and technical progress have substitution effect. However, there is no substitution effect with extreme precipitation, the parameter value of technical progress relative to extreme precipitation is positive, indicating that technical progress and extreme precipitation have substitution.
Factor Marginal Output Elasticity Analysis
Marginal output elasticity measures the use ratio of the factor. By computing the parameter values after ridge regression, the marginal output elasticities of capital, labor force, technical progress, and extreme precipitation can be obtained (Table 3 ). Among them, the output elasticity of the capital increases year by year, which means that the capital use ratio in the mining industry increases gradually. The output elasticity of the labor force fluctuates slightly, with an overall increase year by year, indicating that the labor use ratio also increases year by year. The variation range of the output elasticity of technical progress is relatively small, with a downward trend in recent years, but overall, the use ratio also increases gradually relative to that in 2001. The marginal output elasticity of extreme precipitation is negative, that is, the increase in extreme precipitation has negative influences on the output value; theoretically speaking, the more the extreme precipitation, the lower the output value of the mining industry. According to the change trend of the marginal output elasticity of extreme precipitation (Figure 3) , from 2001 to 2012, the marginal output elasticity increases gradually, while from 2013, the marginal output elasticity shows a downward trend. Overall, although the marginal output elasticity increases with some fluctuations, it is always negative, indicating that the marginal return is degressive. To better analyze the influences of each factor and crossover factors on the industrial added value of the mining industry, we decompose the marginal output elasticity of extreme precipitation for further analysis. Table 4 provides the contribution values of each factor after the decomposition of the marginal output elasticity of extreme precipitation. Combined with the change trend of the marginal output elasticity of extreme precipitation (Figure 3) , the contribution values of capital and technical progress to the marginal output elasticity of extreme precipitation are positive, namely the capital investment in fixed assets and the R&D funds input in the mining industry have the largest contribution to the increase in the marginal output elasticity of extreme precipitation. As Figure 4 shows, the variation range of the capital investment in fixed assets is relatively large, indicating that the contribution degree of the output elasticity of extreme precipitation increases gradually; the variation trajectory of technical progress is relatively gentle, but its contribution value to the marginal output elasticity of extreme precipitation is positive and increases year by year.
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According to the change trend of the marginal output elasticity of extreme precipitation ( Figure  3) , from 2001 to 2012, the marginal output elasticity increases gradually, while from 2013, the marginal output elasticity shows a downward trend. Overall, although the marginal output elasticity increases with some fluctuations, it is always negative, indicating that the marginal return is degressive. To better analyze the influences of each factor and crossover factors on the industrial added value of the mining industry, we decompose the marginal output elasticity of extreme precipitation for further analysis. Table 4 provides the contribution values of each factor after the decomposition of the marginal output elasticity of extreme precipitation. Combined with the change trend of the marginal output elasticity of extreme precipitation (Figure 3) , the contribution values of capital and technical progress to the marginal output elasticity of extreme precipitation are positive, namely the capital investment in fixed assets and the R&D funds input in the mining industry have the largest contribution to the increase in the marginal output elasticity of extreme precipitation. As Figure 4 shows, the variation range of the capital investment in fixed assets is relatively large, indicating that the contribution degree of the output elasticity of extreme precipitation increases gradually; the variation trajectory of technical progress is relatively gentle, but its contribution value to the marginal output elasticity of extreme precipitation is positive and increases year by year. From the combination of Table 4 and Figure 4 , it can be seen that, from 2001 to 2016, the fluctuations of labor force and precipitation intensity are relatively small, and the corresponding variation trajectories are fairly flat. After decomposition, precipitation intensity and labor force negatively contribute to the marginal output elasticity of extreme precipitation.
Discussion
Influences of Extreme Precipitation on Mining Production
Previous studies have shown that different minerals have different demands for water resources and different sensitivities to precipitation intensity and frequency. For example, some minerals can be extracted only after they have been dissolved, high demand for water. In this sense, water shortages would directly lead to interruptions of mining activities [15] . Although mining activities require abundant water, highly intense and frequent precipitation threatens mining operations [38] . Extreme precipitation can influence the production and operation of mines from several aspects, e.g., affecting labor productivity, reducing investment into the mining industry, and destroying the infrastructure of the mining industry [11, 14, 39] . Based on the results of questionnaire surveys on mining industry employees in Canada, 20-26% of the respondents believed that floods, storms, and 
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Previous studies have shown that different minerals have different demands for water resources and different sensitivities to precipitation intensity and frequency. For example, some minerals can be extracted only after they have been dissolved, high demand for water. In this sense, water shortages would directly lead to interruptions of mining activities [15] . Although mining activities require abundant water, highly intense and frequent precipitation threatens mining operations [38] . Extreme precipitation can influence the production and operation of mines from several aspects, e.g., affecting labor productivity, reducing investment into the mining industry, and destroying the infrastructure of the mining industry [11, 14, 39] . Based on the results of questionnaire surveys on mining industry employees in Canada, 20-26% of the respondents believed that floods, storms, and torrential rain affected the mining operations [15] . Fixed asset investment in China's mining industry has presented a decreasing trend for many years [40] ; in addition to policy influences, climate change is also one of the main factors that have led to this development. Mining productivity highly depends on the natural environment. Soil erosion and seawater flooding caused by extreme precipitation can largely threaten mining operations and related facilities [41] . Moreover, climate uncertainty directly affects the mining investments. Extreme weather events also influence the critical infrastructures. Since different sectors of the industrial economy are increasingly connected, the frequency of the chain reaction events increases. For example, a power outage caused by a storm may rapidly affect various industries related to the energy industry, leading to work and production halt [42] . As an important energy industry, the mining industry would inevitably be affected. Related studies also indicate that extreme climate events such as high-intensity extreme precipitation largely destroy buildings, pipelines, and water diversion channels [43] and can readily disrupt the industrial chain of the mining industry, thus causing great impacts on the mining productivity.
Open pit mines are highly sensitive to extreme precipitation. The higher the precipitation intensity, the more significantly the mining production is affected. Heavy and torrential rain can lead to water ponding in the coal mines as well as mass wasting, erosion and to the destruction of transportation and electric power facilities. As a result, mining activities are limited, and the productivity declines [41] . For example, the Collinsville and Newlands coal mines in Australia suffered continuous precipitation and strong storms at the beginning of 2019, operations of coal mines were interrupted, which greatly affected the short-term production [44] . Extreme precipitation may cause disasters such as mine collapses, which threaten the mining operations and the safety of mining workers. At the same time, because the ponding water cannot be discharged in time, permanent damage to the equipment and shorter life expectancy of infrastructure facilities may occur, thus affecting the viability of the mining industry.
The Reasons Why Factor Input can Change the Added Value of the Mining Industry
Regression analysis (Table 2) shows that the increase in the added value of the mining industry is mainly benefited by capital investment, followed by the labor force input and technical progress, whereas extreme precipitation can cause the decrease of the marginal benefit of the mining industry. Fixed assets commonly refer to buildings, machinery equipment, transportation tools, and other equipment. An increase in the investment in fixed assets, such as the construction of factory buildings and equipment update, can enlarge the scale of the mining industry to a certain extent, enhance the risk resistance ability of the mining industry, and thus improve the output of the mining industry. Moreover, the output elasticity of investment in fixed assets of China's mining industry is relatively high ( Table 3) , and the use efficiency of fixed assets is higher, so the returns to scale show an increasing trend. In 2001, the number of employees in the mining industry began to decrease. Although it increased slightly in some years, overall, the total number of employees in the mining industry decreased sharply. In spite of this, the decrease in the number of employees in the mining industry did not decrease the marginal output elasticity of the labor force ( Figure 4) ; on the contrary, the marginal output elasticity of labor force increased gradually. This indicates that the labor force efficiency has significantly been enhanced with the improvement of education and skill levels and with the popularity of mechanization. On the other hand, the decrease in the quantity of labor force indirectly reflects a certain substitutability between technical progress and labor force [45] .
The science and technology revolution has promoted the development of science and technology. Large amounts of R&D fund input have made mining activities safer and more effective; the ability of mining operations to respond to disasters and risks, the production efficiency, and the input-output ratio all increased gradually. Technical progress also has positive effects on the increase of the mining industry output value. China's mining economy is gradually shifting from investment-driven growth to innovation-driven growth under the influences of technical progress [46] . However, from the parameters investigated in the paper, investment is found currently still the main driving force to promote the development of the mining economy. Extreme precipitation is the only factor input with a negative marginal output elasticity. The mining industry requires relatively dry conditions, and extreme precipitation can cause pit collapses, sudden mine flooding, and even water inrush accidents, thus leading to working and production halts. As shown in Figure 3 , from 2001 to 2016, the marginal output elasticity of extreme precipitation presented an increasing overall trend, but was always below zero; since 2012, extreme precipitation intensity has been showing an enhancing trend, which affected the increase in the output value of the mining industry.
Influences of Crossover Factor on the Marginal Output Elasticity of Extreme Precipitation
By partitioning the crossover influencing components of the marginal output elasticity of extreme precipitation (Table 3) , it becomes clear that investment in fixed assets and technical progress can make the total marginal output elasticity of extreme precipitation increase, while labor force input and extreme precipitation intensity can make the total marginal output elasticity of extreme precipitation decrease. Since the plus or minus characteristics of crossover coefficients are determined by two factors, it is impossible to verify the relationships among the crossover coefficients of all factors. Hence, we just analyzed the possible reasons for the increase or decrease of the marginal output elasticity of extreme precipitation according to the actual situation. Hereinto, from 2001 to 2016, the capital investment into fixed assets in the mining industry increased rapidly, which means that there was enough money to restore factory buildings and to improve infrastructure facilities, which enhanced the ability of the mining industry to withstand extreme precipitation and thus partially offset the negative impacts of extreme precipitation on the output value of the mining industry. Likewise, the increase in R&D funds in terms of technical progress promoted the research and development of advanced mining tools and drainage equipment and enhanced the ability of the mining industry to withstand extreme precipitation, thus offsetting the negative impacts of extreme precipitation on the output value of the mining industry. Moreover, with the augmentation of technical progress in the mining industry, the ability to withstand the negative impacts of extreme precipitation was also gradually enhanced.
A high precipitation intensity has negative impacts on the output elasticity of extreme precipitation, which leads us to infer that extreme precipitation is not conducive to the economic growth of the mining industry. The crossover coefficient of labor force and extreme precipitation is negative, reflecting that the output efficiency of labor force is affected by extreme precipitation. Mineral mining is labor-intense, while extreme precipitation can reduce the efficiency of workers, so the labor force input fails to offset the negative impacts of extreme precipitation on the mining economy. Based on the contribution of each component of the marginal output elasticity of extreme precipitation, it can be concluded that extreme precipitation itself is the most important factor that leads to a negative value of the marginal output elasticity of extreme precipitation.
Overall, capital investment into fixed assets in the mining industry is the most favorable factor input that offsets the negative impacts of extreme precipitation; it is also one factor input that promotes the increase of the added value of the mining industry. Theoretically speaking, it can reduce the production loss of the mining industry caused by extreme precipitation to constantly increase the fixed asset investment and strengthen technology research and development. Nevertheless, in fact, the amount of investment in fixed assets should be determined according to the economic environment and policy changes.
Limitations of this Research
There are several limitations of this research. First, due to the limitation of data availability, the sample in this paper is not very big, which would bias the results. Second, due to the lack of available regional data, we adopted the national scale data of China to analyze the influences of extreme precipitation on mining industry. Thus, some regional control variable such as landslides and monsoon was not included into the research. This will generate some uncertainties of the research result. In addition, for the same reason, we cannot explain the differences between the various regions of China, such as the southeast coast and dessert. The extremes of the regional precipitations (Maximum-minimum) and the types of precipitation were also not analyzed in this research due to the same reason. These limitations would lead to that the spatial and temporal dispersion of rainfall generates bulky errors in reduced annual series. Last, there are many methods to assess extreme precipitation. We selected one of them according to our research demand and data availability. The potential demerit of the method assessing extreme precipitation could also generate many uncertainties on our research results.
Conclusions
We employed the trans-logarithm production function to analyze the influences of extreme precipitation on the development of China's mining industry by using the ridge regression model. Extreme precipitation could result in the reduction of output of the mining industry to some extent; with increasing precipitation intensity, the negative effects of extreme precipitation on the mining economy would be aggravated. Factor inputs of capital investment and technical progress could offset the adverse effects of extreme precipitation. The factor inputs could be converted into productivity, thus improving the marginal output elasticity of factor inputs, which is conducive to the ability of the mining industry to withstand natural disasters such as extreme precipitation. Labor force input facilitates the economic growth of the mining industry. However, due to the weak ability of humans to withstand natural disasters, the increase in precipitation intensity would still affect the labor productivity. Hence, labor force input could not neutralize the negative impacts of extreme precipitation. 
